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An overview is given for the methods and procedures used in the recondruction of the
muon spectrum in muon neutrino charged current interactions. The cdculation of the

fraction of prompt events to total in the sample is described. The result is 0.56+0.17(stat)
+0.05(sys).



Introduction

Muon charged current events can be identified relatively essly and thus provide an
independent sample that can be used to estimate the expected number of observable tau
neutrino interactions. In order to do this it is important to find the fraction of muon events
from neutrinos produced in charm decays (prompt) as opposed to those from light meson
decays (nonprompt). This can be achieved by fitting the momentum spectrum of the
primary muons to a mixture of the expected spectra for both sources and leaving the ratio
as a free parameter. In the following the extraction of muon charged current events and
the caculation of the prompt fraction in the total sample will be described.

Event Selection and Track Reconstruction

Event Sample

The events used in this andyss is the sample of 511 events selected a Nagoya
Universty for atempted locetion in the emulson. 261 events have a located primary
vertex and 203 have complete emulson information. Vertices for the events not located
in the emulson have been recongructed dectronicaly usng the E872 offline andyss
code.

Track reconstruction

In order to identify muon CC interactions, a track recondruction agorithm was used to
find tracks in the downstream drift chambers and check for corrdated hits in the muon 1D
walls. Because of high hit multiplicdty in those sysems, no informetion from the vector
drift chambers or the scintillating fiber sysem was used in the fit. Instead, the bend angle
of the track in the andyss magnet was cdculated usng only the track parameters
downstream of the magnet and the vertex postion itsdf. An esimate for the bend angle
error isgiven in Appendix .

DC track reconstruction

The drift chamber tracks were found by recondructing lines in the x view and then
looking for intersecting hits in hie u and v views to get spatid tracks. The requirement for
an x view line was to have & least one hit in one of the x planes of each of the three drift
chamber or hits in both x planes of two drift chambers. A drift chamber track required
three additiona hits in the u and/or v views. If there no muon candidate track was found
in the event, the search was extended to tracks with only two u or v hits. Only tracks with
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Muon identification

Drift chamber tracks were projected to the postion of the muon ID walls and checked for
adjacent hits within 10 cm of the track in the plane the track was projected on. A muon
track was required to have 4 or more asociated hits out of 6 possble, with a least one hit
in each of the three muon ID wadls. Figure 3 shows the digtribution of hits per track in
cdibration (pw5) data The fit was made assuming congant efficiencies for dl tubes and
planes, so therelaive vauesfor 4, 5 and 6 hitsare:

f,=h®
f, =6h°(1- h)
f, =12h*(1- h)?

where f, is the fraction of events for n muon ID hits and h is the efficiency of the muon
tubes. The factor 12 (as opposed to 15 in the norma binomia digtribution) in the last
equation comes from the gspecific sdlection criterion requiring & least one hit in each
wall.

The reaulting vadue for the efficiency is 93%. Figure 4 shows the same didribution for
neutrino events, which agrees with the calibration data within error bars.
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Electronic cuts

Once a muon candidate track was found, it was refit using dl drift chamber and muon 1D
hits. Because of the high vdue of s (8cm) for the muon wadls the find track was
essentialy the same asthe origina drift chamber track.

The following cuts were impaosed on the find tracks in the offline andysis code:

2

< 2 (seeFigs. 5, 6
o 2 (seeFigs 5,6)

- Diglance cut requiring an impact parameter of < 25 cm a the vertex pogtion in
the y (non-bend) plane (see Figs. 7, 8)
- Momentum >5GeV/c
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Additional cuts

The remaining candidate tracks were visualy scanned and possible background events
were removed. The criteriafor remova were:

- No latch hit or energy deposit in the lead glass cdorimeter associated with the
track

- Energy depost but no laich hit and anomaous trigger timing (Ot >70ns between
two trigger planes)

- Muon track pointing at cdorimeter cluster with > 5GeV energy deposit

- Multiple adjacent muon candidate tracks with irreconcilably different momentum

values (| = - 2> 02)
1 2

- >3 DC tracks within 3 cm distance and >25 DC tracks within 20 cm.

The fitting routine dlowed for a momentum cut as wdl. The find choice for the
momentum cut and the reasoning behind it are described below. An overview of the
effects of the different cutsis given in Appendix I1.

Multiple tracks

In many cases there Hill remained severd spatidly clustered muon candidate tracks for
eech event (see multiplicity plots Figs. 6, 8). The find muon momentum was caculated

using the average of the individua values weighted by thetracks ¢ 2.



Monte Carlo simulation and momentum analysis

Monte Carlo

In the Monte Carlo amulation, muon charged current interactions were generated using
LEPTO. Paticles were tracked through the detector system with GEANT. Events were
generated separately for neutrinos from charm meson (prompt) and p/K  (nonprompt)
decays o the ratio of the two components in the actual event sample could be used as the
free parameter in a maximum likelihood fit to the data The Monte Carlo muon momenta
were smeared to account for the limited resolution of the spectrometer and multiple
scatering effects in the materid downsream of the magnet assuming Gaussian errors on
the measured bend angle. The smearing was done with up to 3 times the error estimated
in Appendix | without having a dgnificant effect on the result. Fgure 9 shows the
normaized momentum spectra for both cases. In totd, 50,000 muon CC Monte Carlo
events were generated.
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Cuts and weights

The smulated events were individualy weighted to account for the biases of the actud
event selection. Thisinvolved the following steps.

- Check on both trigger types and weight with relative number of protons on target
during each of the triggers was used

- Use number of hits in fird scintillator plane downdream of the vertex to modd
neutrino interaction candidate (cat3) selection

- Applying the same momentum and geometry cut on muon tracks as in track
recongtruction

- For the located sample, there is another weight corresponding to the event
location efficiency, which depends on the number of emulsion (primary charged)
tracks.

Momentum analysis

The momentum spectrum of the muon data can be used to caculate the number of muon
neutrinos produced in charm decays, and thus to obtain a normdization for the expected
number of events of any interaction type.

Method

The muon spectrum obtained in the anadyss was fit to a normaized combined Monte
Carlo spectrum with the ratio of prompt to nonprompt events as the only free parameter.
In order to check the consstency of the result the fit was done with severd different
momentum cuts and with samples that had more redrictive criteria for the number of
muon 1D hits (no tracks with 4 hits, only tracks with 6 hits).

Figure 10 shows the expected ddidicd fluctuations in the resulting vdue for the
prompt/total fraction caused by variation of the momentum cut. It is based on 20 Monte
Carlo event samples each with the same number of events asthe data.

Figure 11 shows the variation of the result for the three different samples (6,6+5,6+5+4
muon ID hits with varying momentum cuts The eror bars indicate the expected
fluctuations of the result due to reduced datistics with respect to the value for the largest
sample.

Figure 12 shows the variation of the value for dl events in dependence of the momentum
cut. The error bars indicate the expected fluctuations with respect to the vaue caculated
with a 10 GeV/c momentum cut due to reduction of detigtics and loss of discriminating
power whenasmaler fraction of the tota spectrum isused for the fit.
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Prompt fraction and error relative to value at 10GeV (all events)
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Result

From Figure 11 it can be seen tha the vaues for different event samples are not
consgent within error bars below 10 GeV, indicating some kind of poorly understood
background source at low energies. Above that vaue there is no datidicdly sgnificant
discrepancy between the values for the different samples. Figure 12 shows that the vaue
usng dl events is reasonably conggent for a wide range of momentum cuts Taking
these facts into account the find result was cdculated usng a nomentum cut of 10 GeV.
Figure 13 showsthe individua contribution and their sum, representing the find fit.

The vdue for the fraction of prompt over totd muon events from this fit is
0.56+0.17(stat) +0.05(sys.), where the systematic error was edimated by using different
methods of binning the data and smearing the momentum.
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Appendices

|. Measurement and multiple scattering error estimate
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The two main contributions to the measurement error are multiple scatering in the
emulson modules and the measurement error of the downstream drift chambers. Figure
13 shows a sketch of the apparatus with dl rdevant quantities. The equations for the error
on the measured bend angle from these two contributions are:

1.L
MS: ddg s = «/§) LS
and
dg,L,

DC :qu,DC =dq, +

Ll
with
Qs - Multiple scattering angle

dq,: angular DC error
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Thetotd error on the bend angle is therefore:

(da,)* = (- L)L Olmevf ) (dq2(1+—»

To obtain an upper bound for the error, the following vaues were used:

X
X_o 10
dq, 0.3 mrad
L, 3m
L, 3m
L, 1m

Table1: Valuesused for estimate of bend angleerror

Thisleads to an error on the bend angle of:

\/(( L EM10)2 +(0.3mrad x2)° = \/(W)Z +0.6°mrad
p

53

[l. Cuts used in the event selection

Cut Eventsremoved | Remaining events
Origind Sample from offline andys's code 134
10 GeV cut 9 125
No EMCd energy or latch 2 123
No EMCA latch, bad timing 7 116
EMCd clugter > 5 GeV 1 115
Irreconcilable momentum vaues 1 114
|solation cut 5 109
Find Sample used in fit 109

Table2: Cutsand effects of cuts

The cuts are liged in the order they were applied. If an event faled two cuts it is only
liged for the firgt.
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